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Abstract
The Copenhagen Accord recognizes the scientific view that the increase in global temperature should be below 2 degrees Celsius, 
and deep cuts in global emissions are required. According to the Fourth Assessment Report of IPCC, the global emissions in 
2050 should be reduced by 50% at least compared to the 2000 level in order to achieve below around 2 degrees Celsius and 450 
ppmv-CO2eq.. However, the future improvement over 4% p.a. will be needed to achieve halving global emissions within a few 
percent of GDP losses, while the historical carbon intensity was improved by 1.2% p.a, There are large gaps between historical
trends and the required efforts for such a challenging target. In addition, historical trends indicate that it is very difficult to 
achieve reductions in primary energy consumptions. Therefore, decarbonization of the energy, i.e., carbon intensity improvement,
is indispensable for deep emission cuts. Although the developed countries had some trends of the decarbonization, it is also far 
from such targets of large emission reductions. De-carbonization technologies of nuclear power, renewable energies and Carbon 
Dioxide Capture and Storage (CCS) are significant. Most emission reduction scenarios including the Intergovernmental Panel on 
Climate Change (IPCC) report and the International Energy Agency (IEA) show increase in carbon price to advance carbon 
emissions for the future under the assumptions on sustainable global cooperation for emission reductions. However, It is difficult 
to sustain global cooperative intention to tackle global warming over 100 years in a real world. The carbon price rather should be 
decreased in the long-run for sustainable development and sustainable global actions for emission reductions. In addition, 
historical and currently planed carbon prices of emission trading schemes in many countries are low in the real world, and high 
carbon prices, particularly explicit prices, are unacceptable politically. CCS development and deployment has risks of 
intermittent carbon price in near- and mid-term and of carbon price converging zero in long-term. This paper discusses this gap 
between proposed scenarios assuming ideal world including continuous increase in carbon price and politically acceptable carbon 
prices in the real world, and outlook of plausible CCS deployment considering the gap.
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1. Introduction
Global warming issue becomes one of the biggest challenges in the world, and it is the first priority theme at most 
of the current G8 summits. In addition, many global leaders participated in the COP15 (Conference of Party) of 
United Nations Framework Convention on Climate Change (UNFCCC) held on December 2009 in Copenhagen. 
UNFCCC member countries took note the Copenhagen Accord after exhausted discussions. The agreement of the 
actual deep emission reductions with all countries with different responsibilities is very difficult as appeared at 
COP15. For the long-term target of global emissions, the Copenhagen Accord recognizes the scientific view that the 
increase in global temperature should be below 2 degrees Celsius. According to the Fourth Assessment Report of 
IPCC, the global emissions in 2050 should be reduced by 50% at least compared to the 2000 level in order to 
achieve below around 2 degrees Celsius (IPCC, 2007). Although the specific level of temperature increase in the 
Accord has not be touched upon the base year for the temperature increase, many global leaders have currently 
intends for deep cuts of global greenhouse gas emissions at least.
In addition to the development efforts of a new international framework on greenhouse gas emission reductions,
developed countries, particularly, introduce various types of policy measures with considerations of adjustments of 
existing policies and of own emission reduction opportunities etc. Emission trading scheme is one of them. EU 
introduced the scheme in 2005, and currently new initial allocation schemes toward 2020 are under development.
Emission trading scheme and carbon tax can explicitly generate carbon prices. However, such policy schemes in the 
country level have not been necessarily deployed widely so far. Australia and United States stop the introductions of 
emission trading schemes after big discussions.
This paper focuses the gap between an emission reduction target in international discussions and the 
corresponding carbon price and politically possible carbon prices by observation of the real society. After 
recognizing the gap, the future outlook and the strategy of CCS deployment are discussed.
2. The gap between historical trends and target of CO2 emission reduction
The historical carbon intensity was improved by 1.2% p.a., but the future improvement over 4% p.a. will be 
needed to achieve halving global emissions in 2050 within a few percent of GDP losses as shown in Figure 1. On 
the other hand, 74% of GDP losses are inevitable for halving emissions in 2050, if the historical improvement of 
carbon intensity, 1.2% p.a., continues until 2050. The future improvement over 2.7% p.a. of carbon intensity within 
a few percent of GDP losses will be required, even if the global emissions keep below the current level of global 
emissions. Large efforts of technological measures are required with below a few loss of GDP and achievement of 
deep emission reductions such as halving global emissions in 2050.
Improvements in primary energy consumptions can decompose energy intensity improvement, i.e. per-GDP 
primary energy consumptions, and GDP growth by Kaya identity. According to the historical evidences, energy 
intensity improvements in many countries, particularly in developed countries, can be observed. However, energy 
intensity improvements in most of the time periods were below GDP growth rates in most of the world countries 
both of developed and developing countries as shown in Figure 2. Although the decomposed two factors can help 
understand drivers of changes in primary energy consumptions, the two factors have a relatively strong relationship 
each other. Thus, it is very hard to achieve declines of total energy consumptions under positive economic growth.
Therefore, one additional driving factor for changes in emission reductions, decarbonization of the energy system, is 
indispensable for deep emission reductions. Fortunately, developed countries had some trends of the 
decarbonization as shown in Figure 3; however, it still has a large distance for the target of large emission reductions,
e.g., halving global emissions by 2050, which are internationally discussed. If reductions in primary energy 
consumptions are difficult to be achieved as indicated by historical evidences, carbon intensity has to be halved at 
least for halving emission reductions.
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Figure 1 Global target of CO2 emission reduction and the historical trends
a) OECD countries
b) Non-OECD countries
Figure 2 Relationship between GDP growth rate and improvement of energy intensity (IEA, 2008a)
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Figure 3 Relationship between GDP growth rate and improvement of energy intensity (IEA, 2008a)
In addition, from the viewpoint of emission reduction costs, the marginal cost of CO2 emission reductions, which 
corresponds to carbon price, are 200-500 US$/tCO2 in real price in 2050 for halving global emissions in 2050, 
according to an estimate by the International Energy Agency (IEA) (IEA, 2008b). RITE also estimates the same 
level of the carbon price (Akimoto et al., 2008). The carbon price is very large and it will be difficult for the world 
countries to accept the price even in 2050 in the real world.
3. Sustainable measure for emission reduction
Generally, many people will not take an action for GHG emission reductions due to less understandings on 
expected global warming impacts on all the countries, all the sectors and all the generations. This is the externality 
of global warming impacts. Therefore, the governments should modify the market failures. The interventions by the 
governments induce carbon price explicitly (carbon tax, carbon emission trading etc.) or implicitly (direct regulation, 
standard etc.). Positive carbon price can be generated implicitly, even if the measures are taken by voluntary 
agreement of industrial companies and/or associations.
However, high carbon prices have not been observed in explicit carbon pricings of carbon emission trading 
schemes. High explicit carbon prices are theoretically possible; however, are realistically impossible or very difficult.
The main reason is politically unacceptable for high carbon price inducing large negative economic impacts. The 
deep emission reductions such as 2 degrees Celsius target might be politically acceptable in many countries; 
however, the explicit carbon price which corresponds to the target will be politically unacceptable. Although general 
public cannot understand their specific burdens by the former target, they can understand them easier by the latter 
information on the explicit carbon price. An “official” explanation is that the carbon price at the first stage is low but 
should be increased gradually. However, increase in carbon price in real price must be very difficult politically in 
most countries. For example, Table 1 shows the historical and projected carbon prices in current or planed emission 
treading schemes. The upper levels of carbon prices of carbon emission trading schemes are around 40 US$/tCO2.
The burden of carbon tax is more explicitly recognized and the introduction of the tax is more difficult politically in 
many countries. However, the emission trading schemes become also deploy discussions on the burden in many 
countries, and the expected carbon price will decrease under the process of the introduction. It will not be easy to 
increase such explicit carbon prices also for the future, even if many people agreed deep emission reductions 
generally.  
R² = 0.8583
R² = 0.8822
R² = 0.9342
R² = 0.8662
R² = 0.8227
R² = 0.6868
R² = 0.9103
R² = 0.0623
R² = 0.9405
R² = 1E-05
R² = 0.6107
R² = 0.0633
R² = 0.1607
R² = 0.0299
R² = 0.1588
R² = 0.6489
R² = 0.7668
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
0 5 10 15 20 25 30 35 40 45
C
O
2
/ 
T
P
E
S
 (
C
O
2
/t
o
e
)
GDP per capita (thousands 2000 US$)
United States
United Kingdom
Japan
Korea
India
China
Indonesia
Philippines
Thailand
Iran
Egypt
South Africa
Brazil
Mexico
Russia
Australia+NZ
Other Africa
Other Middle East
World
World average in
2006
Halving global
emissions by 2050
5892 K. Tokushige, K. Akimoto / Energy Procedia 4 (2011) 5889–5894
Author name / Energy Procedia 00 (2010) 000–000 5
Table 1 Historical and projected carbon prices in current or planed emission treading schemes
Country/ETS Carbon price
EU EU-ETS Phase II (historical trends) Around 8-30 Euro/tCO2
EU-ETS Phase III (Projections by European 
Committee (2010))
32 Euro/tCO2 (the projection before 
considerations of the economic crisis)
16 Euro/tCO2 (the projection after 
considerations of the economic crisis)
United States RGGI (Regional Greenhouse Gas initiative) 
by the eastern ten states (the ranges of 
auction and market prices)
Around 2-3 $/tCO2
Kerry-Lieberman bill (the acting minimum 
and maximum limits of carbon price)
12-25 $/tCO2 (in 2013)
NZ NZ-ETS (the acting maximum limit of 
carbon price)
25 NZ$/tCO2
(currently the ETS treats one unit by two ton 
of CO2, and the limit is 12.5 
NZ$/tCO2=8.9US$/tCO2)
According to the observation of historical trend of carbon price and political acceptability considering the 
politically processes for the introductions of carbon emission trading schemes or decision processes for initial 
allocations of emission allowances, high explicit carbon prices are not expected even for the future. In addition, it 
will be difficult to continue high carbon prices in many countries. The carbon price should reduce for the sustainable 
measures for emission reductions or for sustainable development rather than increase in carbon price.
4. Carbon Capture and Storage (CCS) in sustainable measure
CCS is one of the key technologies for large emission reductions in global level. The typical cost of emission 
reduction of CCS is currently around 50-100 US$/tCO2 (IEA, 2004). The cost is higher than the current price of 
carbon market; however, the expected or desirable carbon price is much higher than the cost of CCS for achieving 
deep emission reductions which are deployed on the international discussions. There is no doubt that CCS is a key 
technology for emission reductions, but the following important points should not be ignored.
First, the explicit carbon price might not be increased at the price level which is estimated by many models for 
deep emission reductions, such as 2 degrees Celsius target or halving global emissions by 2050, due to political 
reasons. Therefore, the target of the carbon price will be required to be the current carbon price, i.e., around 10-
30$/tCO2, even in the future. Second, such a low carbon price cannot expect deep emission reductions under 
currently projected technologies and cannot deploy also CCS widely. Carbon market should not be expected for 
large deployment of CCS even in the future, considering realistic policy instruments including political 
unacceptability in high explicit carbon prices. Policies and measurers excepting carbon emission schemes will be 
required for large deployment of CCS if low carbon prices with technology improvements cannot achieve deep 
emission reductions in the future.
In summary, Figure 4 shows the future trajectory images of carbon price, CCS cost, CO2 emissions and CCS 
deployment. Pattern a) is a typical story by many model analyses for deep emission reductions. However, it will be 
very difficult to achieve such a high carbon price in the real world. Patterns b) and c) show the alternative stories 
which are more plausible.
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a)                                                  b)                                                      c)
Figure 4 Future possible trajectories of carbon price, CCS cost, CO2 emissions and CCS deployment
Pattern a) is a typical story by model analyses, b) is a more preferable story toward the sustainable measures and 
sustainable development, and c) is a more plausible story in current stage
5. Conclusion
CCS is one of the key technologies for deep emission reductions of global CO2 emissions. Many research studies 
indicate that carbon prices will or should increase toward the future for deep emission reductions. However, carbon 
price means the additional costs of society, and therefore, rather both carbon price and emission should decline for 
the sustainable measures in all countries. The gap between carbon price estimated for deep emission reductions and 
realistically acceptable carbon prices and desirable carbon prices from the viewpoint of sustainable measures should 
be recognized also for the strategies of CCS development and deployment. CCS is a bridging technology toward 
sustainable measures with low or zero carbon prices. Cost reduction of CCS is very important under policy measures 
with such low or zero carbon prices in the future. Model analyses for long-term strongly help our appropriate 
decision making, but they tend to show a normative strategy, and there are some gaps between the normative and 
real worlds. We should recognize the gaps for a better decision making for global warming measures, CCS 
deployment etc. 
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